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I, Abtubo Capbotti, of Via Pergolesi 
2, Milan, Italy, a subject of the ICing of 
Italy, do hereby declare the nature of 
this invention and in what manner the 
6 same is to be performed, to be partica- 
larly describ^ and ascertained in and 
bv the following statement : — 

'This invention has for its object a new 
valve gear for reciprocating steam engines 

10 specialty adapted for locomotives and 
i^herein the phases of the opening and 
closing of the adnussion and exhaust 
passage-ways are so dependent one on the 
other that the valve gear satisfies all the 

15 conditions theoretically required for the 
best utilisation of the steam. 

Figure 1 to 8 of the accompanying 
drawings iUustrate diagranunatically a 
constructional form of this invention 

20 applied to a locomotive engine. 

On the distribution shaft A (see Figures 
1, 5. 6, 7 and 8) which rotates at the same 
speed as the crank shaft, are loosely, 
mounted the cam C which serves only to 

25 control (in the forward running of the 
engine, i.e. in the direction of the arrow) 
the opening ol the admission passage- 
vray and the cam which serves only to 
control the closing of the same passage- 

30 way. 

Two rods are connected to each cam, 
such rods being parallel to the distribu- 
tion shaft and diametrically opposed. As 
shown in Figure 1, rods B are connected 
35 to the cam C and rods to the cam O. 
On the same shafe A is a screw V having 
a multiple thread and qoick pitch. 
Mounted on such screw and in engage- 
ment therewith are two grooved slaves M 
40 and W- in each of which are formed two 
holes and two slots, as indicated in 
Figures 2 and 3; 
Through the holes O in the sleeve M 



pass the rods B, while through the holes 
O^ in the sleeve W pass the rods B^. The 
latter pass through the slots P in sleeve 
M, whOe the rods B, after having passed 
through the holes O, pass through, the 
slots P* in sleeve W-. The rods B must 
also pass through the cam O- and to allow 
for this the said cam is provided with 
suitable slots N*. The length of these 
slots is such as to permit a lead of tho 
connected pieces C and M relatively to 
the connected pieces and or vice 
versa ; these leads are established so as to 
regulate the phases of the distribution 
and their extent is more particularly 
brought out hereafter. 

A third cam D ia loosely mounted on 
shaft A (Figures 1 and 7). Such cam 
serves for operating the exhaust and its 
shape is substantially that of an ordi- 
nary radial cam. Tbi& cam is provided 
with teeth Z whereby it can be rotated 
by the teeth of the member Q keyed to 
the shaft A. The said cam is also pro- 
vided with a slot E into which extend the 
extremities of one of tho rods B and one 
of the rods B^. 

The shaft A i^ disposed transversely of 
the cylinder axis, and mounted parallel 
to said shaft are axles F (Figures 6 and 7) 
about which can swing the bell-crank 
levers 6 and H, adapted to act respec^ 
tively upon the admission valves I and 
exhaust viJves S. Such valves are shown 
as double seat jwppet valves, but if 
desired they can be of any other type. 

In order to actuate the valves 1, the 
levers G are each supplied with a rock- 
ing beam adapted to swing about the 
pivot U and having rollers T, T^ mounted 
respectively, at its ends. The rollers T of 
the two beams are disposed in a position 
^diametrically opposed and are adapted to 
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engage ivith cam C, while the rollers : angular extent but of di&rent radius, 
which are. also diametrically opposed, are connected together at diametrically 65 
disposed in another plane and are adapted opposed positions by two connecting 
to engage with the cam C?, (Figure 8). curves designed so as to avoid imparting 
^5 The bell-crank levers G are . each pro- any rude or too rapid change ot speed 
vided with a third lever arm L and to the levers and to the valves, and each 
between the ends of these lever anns is having the ojiguhur width of about 40*; 70 
placed the spring R by the effect of which^ each of the rocking beams carrying the 
the contact between the rollers T and . rollers T, can assume four primary 
10 and their co-operating cam surfaces is positions, and the relative positions of the 
ensured, Fiangea X, Y, arid two cams at the maximum admission 

(Figures 1 and 9) of the sleeves M and degree, as illustrated by the drawings, 75 
M*- can be operated on by the straps K and the length of the valve stem, are so 
and situated in the recesses between regulated that the said four positions of 
15 such Hanges, such straps bein^ displaced each rocking beam follow each other . in 
in a direction. pagrallei,to shaft A by crank tho following order /and. with . the follow- 
pairs W and on the reversing shaft ' ihg results. 80 
A* and. corresponding: pairs o£ 'connecting 1. The roller T is on the. cm-ve of 
rods J and Jf. ' ' S ismaller ludius and T^ is,on the curve of 

20 The width of the straps ' and is greater radius ; the axia U is in its mid 
: • smaller than that of the recesses between position and the valve as closed. 

the fiangea.X wold Y and Xf and Y* so as . 2. The roller T passes on to the cm-vo 85 
to allow bf a lo^t .jootiott between the of greater 'radius and as I'oller Tl. I'emaine ^ 
straps and Meeveis. . ' on the curve of greater radius the pivot 

.25 To the cam B. is keyed a cam (see TJ is moved outward relatively to tlio 
Figures .!, 5 encl. 7) . which drives an oil shaft A and. the corresponding valve I is 
circulating pump, having a plunger piston opened. OO 
and a; spring which .when compressed 3. The roller- T* passes from the ciirve 
serves to return the, pi^osju of greater radius to that of smaller radius • . 

30 The valve, gear > is , represented in the. and as tho roller T remains on the curve 
^ . position of the maximiim, deg^ of admis- of greater radius the pivot : U is again 
sion in fcarward rnmiiBg and in this con- moved into the mid position and the 95 
dition the strap. contacts, with the valve I closed. , , - . . 

ilange Y*, while thC; s$rai> K is situated 4. Tho roller T passes from the curve, : 
35 eoui^^tant from both the flanges' X and of greater radius to that of smaller radius, 
r. Y, the sleeve M Hc^ adjacent the cam both rollers bciag thus on the curve of 
the rods B of the cam C pass, through the ; smaller radius ; the pivot U is moved iuto 100 
slots of cam and slots 'P^- of sleeve its position nearest the shaft A, and the 
iVP^ in the most forward ejrfawmifrjr thereof extremity of the horizontal arm of the bell 
40 relative to the direcstion 'cif .rotation,' and crank lever G ^i-iil be removed ftrom the 
the rods B^, of the cam . pass through' end of the valve stem. 

the slots P of Jsleeve M .the reamard - From the fourth position tjhe rocking 105 
extremity thereof relative? , to the diirec- beam returns to the first when T^ remounts . 
tion of rotation. . Finallyii th© teeth Z*- on to the cmTr© of greater radius ; the 
45 on the. member Q fixed <^n tiie sliaft A act above rptum takesjplace at 180° after tho 
upon the teeth Z on the cam I>, in-such passage of roller on to the curve of 
a maimer as to rotate the c»&m in the du-TO- smaller- radius,' which had the effect of 110 
tion indifsated by the arrow (Figure 7) ■ ' closing the valve. 

amd as rsgairds the ends^of the rods B and ^ Evidently, these different ; positions of 
50 B^, which extend into the slot B,' the\ elbch rocking beam as aforementioned are 
former is situated at a considerable dis-- - nbt^ a^^ hy both these beams szmul- 
tance from either of the extremities ci; the taneously, but^ with a difference of phase 115 
said slot and the second near. 'to the rear- of 180**, so that while the left-hand beam 
ward extremity thereof relatively to the passes through its successive) positions in 
55 direction of rotation indicated ' hy the the oider 1, 2, 3 and 4, the right-hand 
-- arrow. beam passes through -the ^ositioiss: in. the , 

The combined driving of the same order 3, 4, I and 2. In thO : position 120 
admission valve by two. distinct caius O . shown m thG> drawing the crank is sup- 
and C^, of which one controls bnly^the posed to bo to thei left of the dead centre 
60 opening and the other controls oh^ the and the- 'admission valve I of the left- 
' closings is resdised as f oUbws/ ^^r- . ' hand port and the exhaust .valves of the 

The two cams have the same , ishape, right hand port are opening. The open- 125 
tliis comprising two circular arcs of „ equal ings obtained in this position correspond 
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- to the admisffloii lead and exhaust lead 
of a sUde valve gear. L ■ 

The rotation of the main shaft eliects 
ihe rotation of the ah^ A and the valves 
5 are first full opened and then closed and 
the closing cd the admission valve will 
take place precisely when the roUer 
passffi down the descending connecting 
curve of the cam and the exhaust valve 

10 will be closed when the roller of the beE 
crank lever H passes down the descend- 
ing curve of the cam D. . - _ 

UTiile the axis of Miy roller is 
stationarv, as when the toller, is- engadng 

15 with a' part of the cam: surface ^hich. is.- 
in the form of an arc of a circle with-i^a. 
centre on thse* axis of A,, any pressure of 
the roller on-tibe cam- will exert a force, 
on this cani purely due to : friction, and 

20 this has always, a tendency to retard,, the 
motion of the cam. When however the 
roller is engaging with one of the con- 
necting stufaces between the two opposed 
circular surfaces of the cam C, or on the 

.25 ascending or descending surfaces of the 
cam D, the said roller exerting a force 
. on said surface will effect a delaying or. 
an accelerating action on the- cam accord- 
ing as to whether the surface is approach- 

30 iiigor leaving said roller. 

Por Hie regular -and correcfc working, 
of the vahre gear it is necessary that the 
accelerating forces shall not exceed, the 
delaying forces.' When such a condition 

36 is realised then the screw V wfll always 
have a • tendency to move t^e sleeves ..M 
and in one direction longitudinally 
durii^ forward running of the engine, and 
always in the opposite direction during 

40 backward running of the engine,, and .tho^ 
teeth Z of the exhaust cam wiH also, dur- 
ing either forwa^^ of ./backward rannmg 
always tend to keep in engagement wita 
the driving teeth Z*, and » thus = any wlatiyo 

45 movement between the members of the : 
lost motions will be prevented during the 
normal nmning of the engine,^ . As. 
regards the- admission: cams it., mnst; be-; 
noted thati ' Otnng to their ^shape :and to 

50 the fact that the two rollers lying on. the 
same> cam are ^ diametrically. . opposed,, 
while the'rolter corresponding to one. of 
the rods G is moved away from the cam 
axis, the toUsa:- corresponding to the other 

55 rod G approaobes - the -. said axis thus, 
while one of the rollers bas . a tendency, 
to delay rotation, the other has a. tendency 
to accelerate it; ; The force- vwth which a 
roller presses against the -cam is propor^ 

^ tional to the suni of the. moments ,of the 
forces acting on* its "corresponding rod G. 
These forces consist of the reaction of the 
spring B, and the upward force doe to the 



closing spring of the valve I and the 
steam pressure on the valve, if this valve 
is not perfectly balanced. These two 
latter forces, take place only during l^e 
opening and the closing of the valves, i.e, 
in the passage from first to second and 
from second to third position of the beam, 
wiiile in the passage irom third to fourth 
and from fourth to first po&itionB, aa the 
rod G does not engage the stem of the 
valves, the said rod is not subjected to the 
influence' of the valve. So tha:t the* resul- 
tant actions on the same cam by the 
opposed rollers shall not be an acceleratr 
•ing force, it is necessary that the differ^ 
ence between the ..two actions, (accelerat- 
ing fditje' due .to . one. roller and delaying 
force to the otKer)^ shaH always be a 
delaying force, or at least an ^accelerating 
force of .less vialue than the dielaying. force 
due to friction. If the forces due to fric- 
tion were . such as to j'ust equalize a 
resultant accelerating actioni due to the 
spring, the spring R would only have the 
> effect .pi maintsaning\the 'rollers on the 
beams in contact with.;the cams, but as 
this equfiJisation is not tBtaily- obtained, 
. it is necessary that the ipring B should 
act on the rods .G \wtlx diffSent effects^^ 
according as to whether ; the, 'rods . are 
under the push df valvfes'6r\;not, so that 
when a .rod G is removed- from the valve 
stem, the, spring" R jfitcte. with k ^greater 
leverage on the.. ^Jfm iq; balance the force - ' 
due to the .isteni of the''yalVe;'on^^ other' • 
. rod G. : This, effect ii'- obtained by .the- 
. arrangeinent shown;^jn Bgtdre in/ the 100 
position . . 1 illustrated / \li.e. wh£te ^'the left . 
: -valve I is open and thus' preyiiig oh the 
conespohding: rod G;' the. spnhg B reacts 
on both the rodiJ' G. in .'the direction of 
the arrowPi but 'Witb' less leverage on the 106 
vieft rod.G'tiian <^ tii^'jA^t rod. The 
reverse-, occurs wfelja;..thj* t^^ valve I is 
' open €fcnd the left val^e I closed. 
■ - As the object, i^ not t6 balance the push 

- ^.Vthe viEdves^^ oidj to pre- 101 
1 vent the "accelerating force due to the 

uush of one ^lletr at ariy inoment exceed- 
mg the ^eliaiying. .force due* to friction or 
to the "push cif .lie other roller, such can 
veastty obtained . by wiirectly jpropor. 116 
tioning the uiaxjpfiuiti and minimum 
efforts of the .spn;Dig B and also by suit- 
ably proportioning the' length of the rode 
L, and fixing. their angnlar position rela- 

- tively to the Koiizontal arms of the levers 120 
' G. The exhaust . cam must not be com- 
pelled to. accelerate, as regards the shafts . 
The forces on '^the exhaust cam cannot bo 
balanced in the game manner as for the 
iiilet cam9,'. sitidei though diametrically 125 
oi^posed rollers are provided, the shape of 
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the exhaust cam is different from that of part Q, the exhaust will remain the same, 
the admission cams, for the exhaust When the ' period of admission is further 65 
penod is less than 180°. Under these reduced, however, the extremitv of the 
conditions it is not possible to balance rod B; which passes through the Wd slot 
5 directly the accelerating action of one E and which owing to its comiection with 
roller with the delaying action of the the opening cam C has not moved rela- 
other. For thia^ purpose, a second cam tively to the slot E, moves with the cam 70 
« provaded (Figures 1, 5. 7) the shape C and therefore advances rehitivelv to 
^® of the said slot, and, owing to the position ia 

10 exhaust . roUeiB remounts on the cam ,D, this slot which it normallv occupies when 
the roller jrf the oil pump descends on it has made an advance of 50=* j'elatively 
the cam and while the first roller to the ^ot, such rod B corresponding to 75 
descends on the- cam B, the oil pump a back-steam of 27%, the extremitv of 
roiler remounts on the cam pressing the rod B contacts with the forward 
15 the oil m the pump cylinder and also the extremity of the slot. - From that 
return spring of its piston (see Figure 5) ; degree of- back-^am to its maxl- 
as the rollers controlled by the cam I> mum, when the reversing shaft has been 80 
are two in number and diametrically moved- to its maximum hmit for the- 
opposed, so the projections :6f the cam X]M- regulation, the extremitv of rod B will ^ 
20 would be two and opposed. If two oil effect the drive of the exhaust cam, which 
pumps are provided and diametrically has been advanced an angular distance 
opposed the prbjectioii of cam can be of about -45^ In this manner the sleeves 85 
reduced to one. Moreover one of the tT^ M and being longitudinallv pushed 
pumTO could be suppressed if the force with the above described pW and the 
25 or the fimring which presses the roller exhaust cam B having been moved into, 
against the cam . ^ were increased in its advance position, at the moment of 
such a manuCT tliat the a^^^ reversing, the sleeves M and ]VP will be 90 

forces and the delaying of the cain.D were exerting no driving action and, owing to 
«^ oaianced (without takma into accomit the the action of the screw V, will be moved 
30 friction's forces) by the delaying ; and longitudmallv iintU thev reach the posi- 
ac^ratmg forces on the cam D^. tion m which the first' lies with its side 

When it is required to reduce the period X against the strap K and the second, lies P5 
of admissicn, the reversing shaft is with its side agamst the strap or 
turned in the direction of the arirow, so against the cam B, while the cam B will = 
35 that, while the sleeve M does not move remain stationary until it is driven in 
tongitudinaUy (because the strap K has a the reverse direction bv the teeth of the 
Jttee movement between the flanges X and piece Q. acting upon 'the teeth Z of the 100 
X limited: by the play) the sleeve M?- is ' cam at the ends thereof opposite to those 
Jin. ^ * direction away from the engaged when driving in the forward 

40 admisBion cams, so advancing the cam direction, or by the extremitv of t^e rod 

which has the effect of closiiig the* admis-- ' B* which extends into the slot E. 
' sion valve I at an earlier period. F^fur© 9 represents a form of sleeve for'l05 

The dimensions of the various par^- of - use with a modified svstem which may be 
the gear are such that hj^'xienifehe period substituted^ for or -ised in combination 
4o of admission is reduced to 11%, the with the lever arms L and the spiiag R 
cranks W have made all their rotation wherebv in both directions of running the 
about the dead centre— about ^ 60*; and sleeves *M and are maintained pressed 110 
this correspontte to the play between the against the two straps K, K^, or against 
strap K , and the flanges X and Y of the one sttap. and the cam or B, in such a 
50 sleeve M, so that at the end of this move- manner that tH^re will always be the ' 

ment the strap K contacts with the 'flange - maximum of delay in turning sucli sleeves 
- - Y. ^ For further reducing the period of relatively to the distribution shaft A. 115 
adinxBsioa the sleeve M is also caused to ' As shown in the figure the flanges X and 
move- longitudinally, advanciisg the cam respectively of the sleevea M and >F 
55 which controls the opening of the inlet are each provided with a sitle which is 
valve and thus jpoducing a condition- of undercut, thua having an annular cham- . 
back steam. Buring the movement of" ber into which can ret^peetivelv. eater, 12u^ 
. the: cam until the period of admission vdth a little lateral plav. the correspord- 
is reduced to tiie said 11%, the exiiremity ing sides of the straps *K and whicii 
60 of the rod which passes through the respectively pusli the. sleeve JVX against- 
slot E of the exhaust cam B, advances the cam (in forward running) or the 
relatively to the said slot, but as the bam sleeve against the cam B (in backward 125 
ia always rotated by the teeth of -the running). The lubric«itirig oil, which 
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abundantly circulates between the, sleeves , 
and the straps, between the annular 
chambers of the sleeves and the sides of 
the straps, constitutes an obstacle. to the 
5 i^Trick entrance of air between the push- 
ing surfaces and consequently to th© 
quick disengagement of the same surfaces*. 
Moreover there is also the adhesion and 
capillary forces between the polished sur- 

10 faces, spread with a viscous Bquid, which 
are oppo^ to a quick squffation of the 
snrfoces. Suppose that the spriog B and 
co-aoting anus I, are substituted by any 
other system of forces for pressing the 

15 axe» of thfr two opposed ^beams simul-. 
taneouflly against, the - cams, with- equal 
forces, there, can only be an accelerating, 
^npulse during the closing of a valve ; 
so that only the cam which controls 

20 the closing can. be under thesfo 
impulses ; thus during forward running 
onfy the sleeve JM^ coSd leave the . strap 
ISy^ while in backward running only the 
sleeve M could leave the strap K. Even . 

25 at liie lower speedo of the locomotive the 
accelerating • impulsea are of very short 
duration, wiiilo during all the remaining, 
period. of rotation there are some delaying , 
forces (friction or otherwise) . so that the 

30" pneumatic action and the. like as afore-, 
said are more than snf&cienttto ^ avoid an- 
advance <rf- the cam (i.e. the moving of 
the side Y"^ away from the strap K^) in 
forward running &nd an advance of the 

35 cam C (*,e. the . moving of . the side X 
away from . the strap ■ K) in backward run- 
ning. The construction allowing for 
the. play of the parts for .effecting the 
longitudinid displacing, of ■ the sleeves axid. 

40 for the advancing of the: exhaust cam is ^ 
necessary in- order -to .obtain^ a ccmstant 
lead and' an efficient regulation of 
the exhaust, without special and compli- 
cated gearings. . : -? - .. 

43 BLaviiig now : p^icularly; described " and^ 
ascertained .the nature of my . ^id inven- 
tion and . in what * jnahn^ r . . the. . same ; is 
to be perfome^, : I ; declare thiit what I 
claim is . . ... .- - / ' . , ' . . . , 

50 1. A valve , gear for. reveisibie double* 
acting elastic • fluid? engines having two . 
inlet valves, : in which such :. valves are. 
controlled by: two like, cams, one of which 
controls only the^., opening - of such valyes 

oo during .forward , ramung> of • only tfap clos- 
ing of such valves during, backward run-: 
ning, whilst the other,? .canpL, only > controls 
the opening ' or* closing in the opposito: 
directions^ of running, isuch cams oeix^ 

60 adapted to be moved angularly upon their 
shaft for ; regulating .and reversing by 
means, of regulating crank mechanism. 



and in which the actuation of 'said valves by 

said cams is effected throu^ the interme- 
diary of two members pivoted intraie- 65 
diate their ends and situated in opposed 

.relation one at each aide of the cams,', two 
opposed extrmities .of such two.pivotri 
members engaging with one' cam and tha , 
other two opposed extremities of such ,70 
two pivotal members engaging with the 

. other cam, and each extremity of such 
members having two positiona of rest one 
position being fajther" from * the axis of 
rotation of the cam than the other, the 75 
arrangement being- such that whilst one 
extremity of one pivotal member passes 
from one .of lihe.two positions to the otheri . 
the diametrically opposed . eactremity of ' 
the other member makes the reverse move- 80 
ment, a .lost motipn device being pro- 
vided between the regulating -qrank mech- 
anism and. the . cams, and prpyisipn being 
made for preventang any relative mov^ 
ment of the members allowed by such 85 
lost motion, dming the hQii3?al running 
of the engine. ^ ... . " . „ . ... 

2. A valve gear as daimed .in Clami 1 
wherein the two pivotal miambers are each 
provided at their extremities' with rollers 90 
or the like to engage -woth . the respective 
cams. - ... 

3. A valve, gear. .as claimed in Claim' 1 
wherein the ^ aoigular movement of the 
operating ciims upon' their .shaft' is effected 9o 
by the regulating cnuakV .mechanism ' 
through . the intermediary , of members 
adapted to be inoved: i6i#tudinally upon 

a screw threaded member, /the lost motion 
.being ;jTOvided. betw^n such members 100 
. and associfttcsd mmbers ..positively con- 
Vnected - to .the: r^gu^ating .cifank mech- 
:anism, and the naeaiis^ fpir: . normally . pre- ., 
venting relative mnven^nt .of such mem- 
bers comprising a !spring' ,or. the like act- 105 
'ing with- variable /leverage upon arms 
connected to the, pj.votal mepibers engag* 
. ing with the/. caiipLS, such that the forces 
tendhcig to accelerate the movement of 
ca^m and thereby, tending to effect, rel^ 110 
tiv© movemeiit.: .-between the . aforesaid 
members are .Valanced^-- , _ . ^ 
^ . "4. A: valve, gear.jas claimed in Claim 3, 
; wherein .the .spnng/and the arms, on which 
. it .acta with 'ivarying leverage are substi- 115 
. tuted by or used m addition to an arrange- 
..ment whereby - ..pneumatio or capillary 
actions. / between^ . the . members between 
which the lost' motion, is provided tend to 
..prevent .relative movement between the 120 

' same. . . • 1= . 

5, A valve . gear as claimed in any of 
the preceding claims wherein the ex- 
haust is: controUed by a cam acting upon 
members which actuate the exhaust valves 125 
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and which ar© diametrically opposed rela- 
tively to the said cam, such cam being 
driven either directly by the shaft on 
Tirhich the inlet cams are mounted or 
through the intermediary of such inlet 
cams according to the conditions of run- 
ning, a lost motion device being provided 
betnreen the cam and each of its driving 
members eaid provision being made 
whereby relative motion between mem* 
bers due to such lost motion is .prevented 
during normi^ running of the eiigine. 

6. A valve gear as claimed in Claim 5 
wherein the. means foy preventix^ rela- 
tive motion between memoers due to the 
lost motion consists in the provision of . 
an axxxiliary cam rigidly connected to the.: 
exhaust cam {^nd acting upon an opexrit^' 



ing member of an auxiliary mechanism 
such as the plunger of a circulating oil 20 
pump, and upon a return spring or the 
like in- such manner that the force due 
to the members operated by the cam 
tending to accelerate the rotary move- 
ment of the cam is balanced by forces due 2.5 . 
to the said members tending to dehk^y such 
movement of the cam. " • 

7. A valve gearing for reversing and 
double acting elastic fluid engines sub* 
stantiallj^ as and for the purpose described 30 
and as illustrated in and by the accom- 
panying drawings. 

J Dated this 25th day of petober, 1921. 

. 3IABKi3 & CLERK. 
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